Peste-des-petits-ruminants (PPR), a major small ruminant transboundary animal disease, is endemic in Nigeria. Strains of the causal agent, peste-des-petits-ruminants virus (PPRV), have been differentiated into four genetically distinct lineages based on the partial sequence of the showed that viruses that were detected belong to both lineage II and IV. Based on an analysis of the N gene sequences, the lineage IV isolates grouped into two clades, one being predominant in 1 the north-eastern part of the country and the other found primarily in the southern regions of the country. This study reports the presence of PPRV Asian lineage IV in Nigeria for the first time.
Introduction
Peste-des-petits-ruminants (PPR) is a serious infectious disease of sheep and goats. It is endemic in large parts of Africa (from North Africa to Tanzania), the Middle East, Turkey, Iran and many countries in Asia (Libeau et al., 2014) . The disease is characterized by pyrexia, depression, anorexia, diarrhoea, respiratory distress, mucopurulent oculo-nasal discharges with matting of the eyelids, necrotic oral lesions with a fetid smell and sometimes abortion in pregnant animals. In Nigeria most outbreaks occur between February and May, the dry harmattan season and also between July and September, mostly in the south-eastern and south-western parts of the country. This disease is caused by peste-des-petits-ruminants virus (PPRV), which belongs to the genus Morbillivirus within the family Paramyxoviridae, along with rinderpest virus, measles virus, canine distemper virus, cetacean morbillivirus virus and phocine distemper virus (King et al., 2012) . They are enveloped viruses with a genome composed of a non-segmented single-stranded negative sense RNA. The genome of PPRV is 15 948 nucleotides in size and encodes for two non-structural proteins C and V, and six structural proteins arranged in the order: nucleoprotein (N), phosphoprotein (P), matrix protein (M), fusion protein (F), hemagglutinin protein (H) and viral RNA-dependent polymerase (L) (Diallo, 2003; Bailey et al., 2005; Truong et al., 2014) . Based on partial sequences of the N and F genes, PPRV has been classified into four genetically distinct lineages (I, II, III and IV) even though the virus is serologically monotypic (Banyard et al., 2010; Kwiatek et al., 2011) . Viruses that were first identified in Africa belong to lineages I, II and III while viruses belonging to lineage IV, also referred to as the Asian lineage, have been isolated in many Asian countries including Iran, Turkey and the Middle East (Banyard et al., 2010; Kwiatek et al., 2011) . However, over the last one to two decades, there have been reports of the presence of the Asian lineage of PPRV in African countries such as Sudan, Morocco, Egypt, Algeria, Uganda, Gabon, Cameroon and Central African Republic (Banyard et al., 2010 ., Kwiatek et al., 2011 ., Sharawi and Abd-El-Rahim, 2011 ., De Nardi et al., 2012 ., Luka et al., 2012 ., Maganga et al., 2013 .
PPRV identified in Nigeria from the 1970s up until 2000 all belonged to lineage II (Shamaki, 2002 ., Kwiatek et al., 2007 ., Banyard et al., 2010 . However, following reports of the circulation of lineage IV in Cameroon and the Central African Republic, it has become necessary to re-assess the epidemiological situation of PPRV in Nigeria especially in states at the border with neighbouring countries. Indeed, Cameroon has a long porous border with Nigeria and many inhabitants of north-eastern Nigeria (Taraba, Adamawa, Borno States) have families in that country, thus facilitating animal trade and smuggling and the taking advantage of the limited control over animal movements at the border.
Materials and methods

Samples
A total of 140 clinical samples consisting of spleen, trachea, lung, liver and lymph nodes were collected between 2010 to 2013 from 16 sheep and 63 goats with symptoms suggestive of PPRV infection. These animals were from different states representing the six different agro-ecological zones of Nigeria. Samples were transported on ice to the laboratory at the National Veterinary Institute in Vom. The location of each sampling was recorded using the GPSMAP® 76 versatile navigator (Garmin).
RNA extraction and RT-PCR
A 10 % w/v homogenate was made by grinding tissue with sterile glass in DMEM medium and the suspension was then clarified at 1200 x g for 5 min. Total RNA was extracted from the sample supernatant using a Qiagen RNeasy Plus RNA extraction kit (Qiagen, Germany) according to the manufacturers' instructions. Reverse transcription PCR (RT-PCR) was performed with 2 µl extracted RNA using the Qiagen® one step RT-PCR kit (Qiagen, Germany) to amplify a 351 bp segment of the PPRV N gene with the NP3/NP4 diagnostic primers (Couacy-Hymann et al., 2002) . PCR products were resolved on a 1.2 % agarose gel stained with ethidium bromide to reveal the expected band size.
Sequencing and phylogenetic analysis
Amplified products were purified for sequencing using the Wizard® SV gel and PCR clean-up system (Promega®, USA) according to the manufacturer's instructions. The purified DNA was quantified by spectrophotometer (NanoDrop® ND-1000, PeQlab Biotech Gmbh). Sequencing was carried out in both forward and reverse directions by Inqaba Biotech (South Africa).
The nucleotide sequences of the N gene amplicons were aligned using the Molecular Evolutionary Genetics Analyses (MEGA) software version 5 (Tamura et al., 2011) . Phylogenetic trees were constructed by comparisons with unique published sequences available (i.e. in peer review journals) in GenBank. A TIM+G substitution model was determined by Modeltest v3.7 (Posada and Crandall, 1998) for the N gene. Distance (neighbour-joining) and character (Bayesian, maximum parsimony) based phylogenies of the nucleotide sequences were explored using PAUP* 4.0b10 (Farris et al., 1994) and Mr Bayes v3.2.2 (Ronquist and Huelsenbeck 2003) . The reliability of each tree was estimated using 1,000 bootstrap replicates and the percentage of replicate trees in which the associated taxa clustered together in the bootstrap test are shown next to the branches (Felsenstein, 1985) . Sequences have been submitted to GenBank under accession numbers KF479408 -KF479444, KJ124726 -KJ124773.
Results and Discussion
During this study, most of the outbreaks of PPR occurred during February to May, which is part of the dry harmattan season, in northern states and July to September, part of the rainy season, in southern states. Most of the affected animals were between 3 and 12 months of age. More goats than sheep were affected in areas where they grazed together and shared the same drinking sources.
A total of 140 samples from 79 animals were tested by RT-PCR. Samples for 33 animals were positive, i.e. 2 out of 16 sheep (13 %) and 31 out of 63 goats (49 %). The details of the positive samples are summarized in Table 1 . The amplified products were sequenced and the data were analysed together with PPRV N gene sequences available in GenBank (Kwiatek et al., 2007 (Kwiatek et al., , 2011 Banyard et al., 2010) . Three phylogenetic analysis methods were used, which all generated trees with similar topologies. The phylogeny inferred with the distance methods was consistent with 
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Only seven lineage II virus sequences from the present study were similar to earlier isolates from Nigeria collected in the 1970s and 1990s (Kwiatek et al., 2007; D. Shamaki, 2002) . They were collected from goats in September 2011, May 2012 and May 2013. The lineage II sequences from this study also formed two separate clades, II-NigA and II-NigB (Fig. 1) . Lineage II-NigA samples had a high identity with PPRV strains identified in Mali obtained in 1999 (DQ840198), while those in lineage II-NigB showed 98 % identity with the Nigerian 1975/1 virus (DQ840160) that has been attenuated and is commonly used as a vaccine (Diallo et al., 1989; Kwiatek et al., 2007) . 
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The findings of this study relating to PPR surveillance in Nigeria over a four year period (2010 -2013) have confirmed the widespread distribution of PPRV throughout Nigeria, as has been described since the early 1970s (Isoun and Mann, 1972) and also revealed the presence of PPRV lineage IV in the country for the first time.
Analysis of the sequence data obtained from the samples showed the presence of viruses belonging to two lineages, namely, PPRV Asian lineage IV and PPRV lineage II, the so-called "indigenous" lineage given that it is the lineage to which PPRV isolated in Nigeria between 1975 Nigeria between -1976 and also in the late 1990's (Shamaki, 2002; Kwiatek et al., 2007) belong. Surprisingly, the number of samples that belonged to this "indigenous" group was small compared to those of the Fig 1) was reported (Kwiatek et al., 2011) . It is tempting to think that viruses of lineage IV-NigB were first introduced into Nigeria from
Cameroon and then evolved into lineage IV-NigA viruses due possibly to genetic drift following incountry transmission, as has been suggested for measles viruses (Santibanez et al., 2002; Alla et al., 2006; Waku-Kouomou et al., 2010) . Further in-depth genetic analysis using next generation 
